Male reproductive organs are extremely sensitive to the negative influence of toxic environmental factors as well as drugs, and until now not many attempts have been made at studying the detoxication enzymes and the relationship between the activity of those enzymes and spermatozoa fertility. In the present work we studied cytosolic glutathione-S-transferases (GST, EC 2.5.1.18) from different parts (head, corpus and tail) of bull and boar epididymis. We isolated two molecular forms of GST from each part of epididymis, characterized their biochemical properties and examined the mechanism of the catalyzed reaction. On the basis of their substrate specificity and isoelectric point, the isoforms were found to belong to the near neutral GST class mi. All examined GST forms exhibited higher affinity towards GSH than towards 1-chloro-2,4-dinitrobenzene (CDNB) and bull epididymis GST forms showed biphasic Lineweaver-Burk double reciprocal curves in the presence of GSH as a variable substrate. Boar epididymis anionic GST had the -SH groups both in the GSH and the CDNB binding place, whereas the cationic GST form -arginine residues in the CDNB binding place. Bull epididymis GST forms contained neither thiol nor arginine residues essential for catalytic activity.
conjugation catalyzed by glutathione-Stransferase (GST, EC 2.5.1.18) is one of the most important phase II biotransformation reactions of reduced glutathione with a variety of reactive endo-and exogenous electrophiles. Glutathione-S-transferases represent a great family of ubiquitous cytosolic or membrane-bound enzymes which display distinct catalytic properties and play separate roles in the biotransformation and detoxication processes [4] [5] [6] [7] . The cytosolic enzymes encoded by at least five related gene families are designated alfa, mi, pi, sigma and theta, whereas the membrane-bound GSTs are encoded by a single gene [5, 7, 8] . The existing evidence suggests that the specific tissue pattern of GSTs expression, as well as overlapping substrate specificities towards a number of highly reactive compounds, determines the sensitivity of cells to a broad spectrum of toxic chemicals [4, 5, 7, 8] . The active center of mammalian glutathione-S-transferase contains separate places for binding: a hydrophobic, electrophilic acceptor substrate (place H) and a nucleophilic site for reduced glutathione (place G) [6, 7, 9, 10] . The mechanism of the GST catalysed reaction consists in a nucleophilic attack of the sulfur atom of reduced glutathione on the electrophilic substrate, yielding the thioether bond [5, 11, 12] . This GSH conjugation reaction finally leads to the formation of mercapturic acids, usually less toxic and less reactive substances, which can be readily excreted from the organism with urine [11, 13, 14] . In addition to their catalytic activity, GSTs can also function as the intracellular binding and transport proteins of non-substrate, hydrophobic ligands [5, 15] . Since among the ligands there are also drugs, these enzymes are believed to be responsible for multidrug resistance [16, 17] .
In our previous studies we demonstrated the presence of both, cytosolic and microsomal glutathione-S-transferases in boar testis, the organ where spermatozoa are produced [18] .
In the present work, we have isolated cytosolic GSTs from different parts of bull and boar epididymides, the organs responsible for maturation and storage of spermatozoa.
MATERIALS AND METHODS

Chemicals.
All chemicals and reagents were of the highest grade commercially available. GST isolation procedure. The required tissues were obtained from the Animal Breeding Station, just after castration of the animals. Glutathione-S-transferase was extracted from different parts of epididymis (head, corpus, tail) in five volumes of 10 mM sodium phosphate buffer, pH 7.4, containing 0.25 M sucrose. The homogenate was centrifuged at 15 000´g for 15 min. The cytosolic fraction was obtained by centrifugation of the extract at 100 000´g for 60 min, and further purified by ion-exchange DEAE-cellulose chromatography, followed by CM-Sephadex and Sephadex G-100 column chromatography. DEAE-cellulose columns (20 cm´1 cm) were equilibrated with 10 mM sodium phosphate buffer, pH 7.4, and CM-Sephadex as well as Sephadex G-100 columns (20 cm´1 cm) with 10 mM sodium phosphate buffer, pH 6.5.
The profiles of separation of GST from the three parts of the epididymis were almost identical and represented each two forms of the enzyme in head, corpus and tail. Therefore in further experiments the GST forms isolated from the whole organ were used. All purification steps were carried out at 4°C. GST assay. The activity of glutathione-Stransferase was determined according to Habig et al. [14] in the modification of Fujita et al. [19] using: 1 mM 1-chloro-2,4-dinitrobenzene (CDNB), 0.2 mM ethacrinic acid (EtA), 1 mM p-nitrobenzyl chloride (p-NBCl), 0.03 mM bromosulphophthaleine (BSP), 1 mM 1,2-dichloro-4-nitrobenzene (DCNB), and 1 mM or 0.25 mM reduced glutathione (GSH) as the nucleophilic substrate.
Protein determination. Protein was determined according to Lowry et al. [20] , with crystalline bovine serum albumin as a standard.
Kinetic studies. For kinetic studies GSH or CDNB were used as the variable substrate. K m values were calculated by the method of Eisenthal & Cornish-Bowden [21] . Thermal stability. To study the thermal stability of GST enzyme samples were preincubated in a shaker bath at various temperatures for 15 min, then the samples were cooled to 4°C, and assayed for GST activity after adding buffer and substrates.
Molecular mass determination. The molecular mass of GST was determined on Sephadex G-100 chromatography columns according to Andrews [22] , using as standards: horse myoglobin (17 kDa), egg albumin (45 kDa), bovine serum albumin (67 kDa) and aldolase (158 kDa).
Polyacrylamide gel electrophoresis and isoelectric focusing. Polyacrylamide gel electrophoresis was run at pH 5.5 according to Sakai & Gross [23] , and at pH 8.9 according to Davis [24] . Isoelectric points of GST forms were determined by agarose gel electrophoresis with ampholine at pH 3.5-10.0, according to LKB instructions.
Studies with N-ethylmaleimide (NEM) and phenylglyoxal (PG). The influence of NEM and PG on GST activity was investigated after 10 min preincubation of the enzyme at 37°C in the presence of 100 mM sodium phosphate buffer, pH 6.5, and the compound studied. In the experiments on the effect of substrates on the enzyme treated by NEM or PG, 1 mM CDNB or 1 mM GSH was included in the preincubation mixture.
RESULTS AND DISCUSSION
In the presence of 1-chloro-2,4-dinitrobenzene as a standard electrophilic substrate, glutathione-S-transferase activity in head, corpus and tail of epididymides was similar but it was slightly higher in bull than in boar tissue (Table 1) . In comparison to the activity of bull testis GST, it was about 2-times lower (not shown) and with respect to that of boar it was about 20-times lower [18] . In bull and boar spermatozoa and in seminal fluid, GST activity was much lower than either in testis or in epididymis of the two species studied (not shown). In rat epididymis GST activity was 1.5-and 3-times as high as in bull and boar epididymis, respectively [25] .
Mammalian GSTs exhibit broad and partially overlapping substrate specificities towards a large number of structurally unrelated substances of mutagenic or carcinogenic activity, as well as towards pharmacologically active substances [3, 5, 6, 8] . The specific activity of GST from the two species studied was the highest with CDNB, and it was about 1.5-times higher for bull than for boar epididymis ( Table 2 ). The specific activity of GST with p-NBCl and EtA was similar in bull and boar epididymides, but with DCNB and BSP it was higher for bull enzyme (Table 2) .
In our previous studies we demonstrated the presence of two different molecular GST forms in bull testis, which were isolated from the cytosolic and from the microsomal fractions respectively, by DEAE-cellulose and CM-Sephadex ion-exchange chromatography [18] . In the present studies, two molecular forms of GST were isolated from each of the three parts of bull and boar epididymis. The main form in bull epididymis was the cationic one (not adsorbed on DEAE-cellulose chromatography column) which contained about 80% of the total GST activity, whereas in boar epididymis the main enzymatic activity (about 60-70% of the total) was connected with the anionic form (adsorbed on DEAE-cellulose and eluted with a linear KCl gradient).
The two separated forms differed in the values of pI, which as estimated by agarose gel electrophoresis, were 5.5 and 5.2 for the anionic GSTs, and 6.6. and 6.9 for the cationic GST forms of bull and boar epididymis, respectively. On the basis of their isoelectric points, these forms may be classified as near-neutral (class mi), similarly as GSTs iso-lated from hamster (pI 5.9-6.8) and from human (pI 5.2) testes [26] [27] [28] . In human testis an acidic form of pI 4.4 belonging to class pi, as well as basic alpha class forms (pI 8.36, 9.1 and 10.1) were also described [27, 28] .
The enzymes isolated from epididymides showed different mobility on polyacrylamide gel electrophoresis, and the R f values were: 0.35 and 0.23 at pH 5.5, and 0.75 and 0.42 at pH 8.9 for bull and boar anionic glutathione-S-transferases, respectively. The R f values estimated for the cationic bull and boar GSTs were: 0.49 and 0.60 at pH 5.5, and 0.35 and 0.27 at pH 8.9, respectively.
The affinity of all the examined GSTs forms for electrophilic CDNB was much lower than for GSH, and the affinity of the bull and boar anionic forms was higher than that of the cationic ones (Table 3 ). In the presence of reduced glutathione as a variable substrate, the Lineweaver-Burk double reciprocal plots showed biphasic curves for both forms of bull epididymis glutathione-S-transferase (Fig. 1,  Table 3 ). A marked substrate inhibition was observed at GSH concentration exceeding 2 mM. Similar double reciprocal biphasic curves were also obtained for bull testis (not shown) and demonstrated for liver GSTs [10, 29] . Such kinetics suggests that at low (25-125 mM) GSH concentration, CDNB is the first substrate bound at the enzyme active center (place H). On the contrary, at high (125-2000 mM) GSH concentration, the association of reduced glutathione to the enzyme (place G) precedes CDNB joining. Such order of substrate-enzyme association might be necessary for optimal GST activity in the presence of various electrophilic substrates (e.g. drugs, xenobiotics).
The GST forms studied differed in their thermal stability. Bull anionic GST as well as boar cationic one were thermostable, whereas bull 226 A. Ciszewska-Pi³czyñska and A. Barañczyk-KuŸma 2000 GST activity was assayed in cytosolic fraction using 1 mM GSH and 1 mM CDNB as described in Materials and Methods. Each value is the mean of five determinations ± SEM.
cationic and boar anionic GST forms were thermolabile: at 49°C they lost up to 60% and 80% of the initial activity, respectively (Fig. 2) . The molecular mass of both boar epididymis GSTs and the bull cationic form was 40-45 kDa, thus it was similar to that of the most known mammalian GSTs [5, 6, 8] . Only bull anionic GST, as well as equine liver GST had a higher molecular mass of about 60 kDa [10] .
N-Ethylmaleimide, a sulfhydryl reagent, inactivated all the enzymes studied (Fig. 3) . The most resistant to that compound was the anionic GST from bull epididymis, which was the only form that retained about 40% of the initial activity after preincubation with 5 mM NEM (Fig. 3A) . To define the location of -SH groups on GST, substrate protection experiments were carried out. They pointed to the boar anionic GST being the only form protected against NEM inactivation by the presence of either substrate (Table 4) . Neither GSH nor CDNB protected the activity of boar cationic GST (Table 4 ) and both bull GSTs (not shown).
Phenylglyoxal, a reagent specific for arginine residues, also inactivated all studied enzymes (Fig. 4) . None of the substrates counteracted the decrease of activity of the bull epididymis GSTs or of the boar anionic form, whereas the activity of the boar cationic form was protected by CDNB but not by GSH (Tables 5, 6).
These data suggest that the bull epididymis glutathione-S-transferases contain neither thiol groups nor arginine residues which could be essential for their catalytic activity. These groups/residues are believed to take Vol. 47 Glutathione-S-transferase in epididymis 227 
CDNB GSH 118 ±11 37 ± 4 95 ± 4 400 ± 18 216 ± 10 78 ± 3 219 ± 27 69 ± 3 800 ± 12 100 ± 4
GST activity was assayed with variable CDNB or GSH concentrations, as described in Materials and Methods. Each value is the mean of four determinations ± SEM. GST activity was assayed after preincubation with NEM, using 1 mM substrates, as described in Materials and Methods. The activity measured after preincubation without NEM was taken as 100%. Each value is the mean of four determinations ± SEM.
part in stabilizing a proper, active conformation of these enzymes. On the other hand, the boar epididymis anionic GST has thiol groups but not the arginine residues in both, G and H places, whereas the cationic form has arginine residues in the CDNB binding place (H).
Arginine residues and thiol groups seem to be necessary for the proper conformation of the boar anionic and the cationic GST form, respectively. The activity was assayed as described in Materials and Methods.
Figure 2. Thermostability of bull (A) and boar (B) epididymis glutathione-S-transferases.
GST activity was assayed as described in Materials and Methods. The activity without preincubation of the enzyme was taken as 100%. Each value is the mean of three determinations. Bull anionic () and cationic () GSTs, boar anionic (£) and cationic (¢) GSTs. GST activity was determined as described in Table 4 . Each value is the mean of four determinations ± SEM.
On the basis of the results presented, it can be concluded that glutathione-S-transferase present in all parts of the bull and boar epididymides may be a part of the naturally occurring enzymatic barrier protecting the spermatozoa against the toxic effects of various electrophilic compounds. Further studies Vol. 47 Glutathione-S-transferase in epididymis 229 GST activity was determined as described in Table 4 . Each value is the mean of four determinations ± SEM. GST activity was assayed as described for Fig. 2 . Each value is the mean of three determinations. The symbols used are as described for Fig. 2 . GST activity was assayed as described in Materials and Methods. The activity after preincubation of the enzyme with the buffer was taken as 100%. Each value is the mean of three determinations. The symbols used are as described for Fig. 2 .
are required to confirm the role of GST in spermatozoa fertility.
